
COAL MINING AND RECLAMATION PERMIT

APPLICATION TO REVISE A PERMIT ARP

ssued To AMERICAN ENERGY CORP
43521 kbyhugh HIM Rd

Twp H•vy 8$

Bea €svilie OH 437$

Telephone 74O 92691152

ARP Type
Remove a Condition of Permit

Revise Subsidence Control Plan

Permit I u ben> D425

Application Number R42517

Effective 041712007

Expires 102112009

The issuance of this ARP means only that the application to conduct a coalmining operation meets

the requirements of Chapter 1513 of the Revised Code and as such DOES NOT RELIEVE the

operator of any obiigation to meet other federal state or local re uir merit

This ARP is issued in accordance with and subject to the provisions conditions and limitation

Chapter 1513 of the Revised Code and Chapters 150113x1 1501 133 through 15011314 o
Administrative Code

The approved water monitoring plan for this ARP is

at A

Qua ntic NIA

Notw Any previous conditions imposed on t

this ARP unless noted otherwise
perrrirt or subsequent adjacent areas also apply to

Date 040f 2007Signature

Chief Mineral Resources Management

FIN Rev 0701x20£ 1

AEC 19743



NewawtrittM• evised <ubmi R z

OHIO DEPARTMENT OF NATURAL RESOURCES
DIVISION MINERAL RESOURCES MANAGEMENT

APPLICATION TO REVISE COAL MINING PERMIT

Note Refer to the ¢Mi ion General Guidelines for Processing A Ps and Requir l

for Specific Types of Common ARPs for guidance on submitting and processing ARP s

Applicants Name American Energy Corporation

Address 43821 a h Hill road

City Beallsville Mate Ohio Zip 4371

Telephone Number 74O929152

Permit Number D0426

Section of mining and reclamation to be revised

Subsidence Mitigation Part 3 6 7

ents

scribe in det it the proposed revision and submit any n e

€
y drawings plans

maps etc

To lift the subsidence condition of 0 425

Describe in detail the re so for requesting the reel

To obtain peri sion to subside structures in the shadow area by submitting a

report from DrYi Luo

dill this revision constitute a significant alteration from the mining and reclamation

operations €ontempl t in the original permitperrnit 0 Yes Ex No

Notes r t r to paragraph E2 of 1501130406 of the Ohio Administr Live Code to

determin if revi ion i d em d signific nt

if yes complete the following items 7 through 9

In the space below give the name and address of the newspaper in

which the public

notice

is

to be published

A

In the space below give the text of the public notice that is to be published Include

the into€ tati n required by paragraph A1 o
f 1501130501 of the Ohio

Administrative Code

Revised 0WW
ONR7 03

AEC 19744
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Assessment and Mitigation of Subsidence Influences

on Tower Structures Affected L n a Mining Operations

By

N1 Luo PhD RE
SydSPeng

Ieparttttcrat of

Wst`it it

f n d 31si3Fnan

ersit •

In the now permit area of the American Energy Corporations Century Mine

Permit application No tO 2S5the fanned longwall mining o Aerations will hecorkducted
under a number of municipal and industrial structures These structures ncltide

1 one steel water tower 2 4 41

12 Rissionf line 3 6 o gS6Y±e

the sites on July

stecl lattice towerm for an o1cctric a
l

powertransstc
to ors for tclec•rxrr a r ications The first author visited

nd obtained the necessary mine maps

This report present the methods for assessing and mitigating the potential suh

D
iv

dencc infue noes 3n these tower structures caused by € ae planed l ongwatl operatic €as i

the permit area

SITE AN ST

we i kr+s 1r

WC LJ R

LUmand T
1

Figure l shows the site where the main structures are located The water tower

acrd a larger c z arrrtastit tower are located on the top part of the f urs while the

smaller c• tr$wer an° the
pa•wt•r

transmission ine are •€a the

inc time site ti 1sit the tinting we±€at

Ir part of the figure At

S also t•4rrridmed t leay out We longw r
li

panels in a differcnt way to place some of €
h r1raam structures tie water

tdc t rkt€at ttat at€t• towers over the Central portions of the longwa11 Ols so that

they will nOt subject to permanent sur lacy tlelorinations tused by the inuring o erataons
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in the area is also +ho t in `dg The ovoiNres from 460 f
t to 45 f
td rt tts riv of the lowstructures rang

d
f i

y

id t1t of the ltangw il
l anek

is
s 920 and

t
lt vidtlt of the hirer rztr claw pillar

5 team l•t•4Mcn at aiab£ t
5 •

i Rn Sit all pa w s is about 140 ft

iraa£ii at<lkv aiid in the perinit area i£iefasde t f one ste l water tower

tt£ce tom rs for an tleerricaal power €
€ € £t3t £•i€ line 13 two go

ers lr tre kss t ih•L3E it3tik1t4 t1fuis

144

Figure 2 shds s tlid i atter o er It is located on the top of a gentle hill The

tower is a steel eylindnical structure sits€ng on a concrete base `Th cylinddrical tank is

about 50 f
t tall and 14 ft in d ams ter and has a holding capacity d
t 54000 gallons The

concrete base under the tank is about 15 it il
l diameter and bezv cen 3 and 4 It thick Fig

31 The outer layer of the steel w et that vas used to construct h water tank i 4 about

316 thick

i igmm 4 shows the larger e mmatiica<toa tower li is located a sshort dicta ce

away fioni the w<£ter tt•dr on a M<rt1d s1i The height of the mstei is ihoIt 3100

f
t

The too er i a guyed YCCl lattice tower w
< th the guy wires tied at fivedifferent levels on

the tower Three are used at each tie level Therefore guy wires pcrtnit the

mai11 tower 4tructure to route in the horizontal plane to certain deg a>e The b arty on the

tower Fig 5 is bolted to the concrete foundation sit one bolt to allow orirotnal row

don The euv wires are t£s d to the grou d at three anchor locations € FFi€ 6 that are

1 2O apart fro m he baase Pole type antennae are r
t ounte on the top of the towt r

Figure 7 hoAws the small cell phone tower located on the top ofanother gentle hill

it is also a guyed sty c
l

r wer and is about ISO 11high The go res ark tied t the main

t4itis stitseture at three Jiff rent le e 1 At the lower two levels three guy wires are

£rCS two an each direction ar used to

1 The base of +he tower is the

to

the ground three anchors are buried a ott 12 apart f
r r

bass Bur chsh type antennae are mounted on he top of €ha t344e r £•tfl another

dish antenna a t middle level
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Fig 6 Inc ofit Three AF `E+zw Or the m° o unu c f

AEC 19752



Tt w+v or Structures AEC rttury Mi

ie 7 Srnall 01 Phone Tower

•axsxvaSa

a `a T °••2 a ° St 3
+ ka >x•itt aatx a a

•mm

RIGNAL

AEC 19753



rower Struetrares AEC Century Mine

no of the power transmission towers is show°rn in fig 9 All 14

sane structural design
`he steel lattice tower has four leg bolted to theircone

side distance is about 2S5 ft rite tower is about 75 f
t tall and the

members The lowest r €ri €
i

horizontal bars are loccawd about 20

ft

above the pound

ar< i aade of 5inch an lS steel We smaller bs or an lc steels are cased ftx the other

transmission lines are hung at two levels 171w main loadwbcar€ri members of th tower

9 Tns r

RIGINAL
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fcis cr `strt ater

ASS SSMEN T A Mr 1TJON OF THE SUBSIDENCE IN FLUENCES

In this section the poNnitial subsidenco iiiflucues on the water tower has been

asseeessed and the mitiation I7

ensure for 1 has been recommended In assessing the

tential su fsidence iiit iaence the str etural integrity state t y and nctionalht

struetiires should be assesse For the two communication towers the methods for as

Rssmg i 3 $l£ 3£iiiiit gating the ii^t1u n es are to locate the anchors

shoo d be erfor ed beftr the £
l

et ailed analysis can hperl dAmon the 14

transmission towers eight of them eoaiid experience subsidence influcnces The su €

deuce influences could be dependent on n any iacttirs and should be assesed one by time

jnflutnggN 2g era rL tta J r w

In order to ssess the potential subsidence influences of the water tower tide tinaal

and dynamic surface movements it the location of the tower have been predicted The

subsidence prediction program CISPM version 201 is used The development of the

pre action package is based on the influence function method that is widely adopted in

the maor mining countries including US coal mining industry and a large amount ofcotlected
subsideaice data Most of subsidence cases are collected over l ingw>all panelsrnining

in the Pittsburgh coals cam This subsidence pmdiction program package has been

stiecessfitlly applied in various subsidence projects and Proven aaci iirate

The over urden depth at the location is

about 745

f
t and the center of the tower is

located 325 f
t inside the panel edge imording to the new panel layout A mining height

of 60

f
t

is

used

in

the predict on The predicted final subsidence profile across alongwall
panel with the minimum 460 ii and maximum 745 f

t overburden depths areplotted
in Fig 10 The location cot the water tower as well as the t o guyed

teleconitaiuncatuntw4ws

is also shown in the fi ire It sho s that the tower is located neaar the 1m

bottom poaion of the fill

a
l subsidence basin to h

e tbrmet r the l ngwail panel and the

predicted final subsidence at the center of the tower as about 333 ft Since the water

tower i located on the top ofa high hill with its elevation inch higher than a i>i tourers

in the adjacent ar a The reduction on water h end due to mining subiden

i of the t3ver h i tht ialI he too iii J it2iit to iedu ce its aii nyfir •Iinw thecu

AEC 19755



been used in the dynamic subsidence prediction It shows the fhstl r the face a

tci7Fic c Duio its small hel size` the

location of the tomr Face advance rates in a lame range 20 40 60 and 0

i1 day

a affected by the 1 ha dfelit fie ti IS

ers The

is

r

ti

300 00 110 00 2W 5`30 41 11 600 700 800 900 1000 1100

t3 ince from Panel Edge

3etta£4 the

section

town it

will L >s £i i i a € i anicsubsidence
iia•a +5 a =ur €

a
shows the ivdi e t Tynan is subsidence devbeiopnie£t curves a

t

dimees the Longer and gentler is te subsidence

perie nce tae d anamic suhi idea e wii the lon

MY tower IIJ 1
1

1305 1 t V

ope strain and cur atui`i

at 50 f

b
y
r and 700 1
1

subsidence pr csess ocetrTEna hen the ront4all

iIice is lz t 4 4r 271 and 330 t past th towel

td ti
t £h rit £75+ r 1 tt

is

itsie i ce o t33y £Iic

predicte i•S iill39 sloi

i he Inaxin uni attT i3i> la•j$e are

iopm ent curve The tower is to ex

ll£ i ame h ieht t e

illd ` 1£i t e t€ur
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Toyer Structures •
I t f entLit

s
Mine

used Such SEflail slopes are even barely noticeable without pri

iaxunum dopes would occur whent e lcinwwail face has ass c
l the center of the

a d
i

stance between 250 and 290 It Even When the Water tank

is Operated A •

0 isethe cm r of the gravity of the water tower is located about 5 1
1

he around surface Using the predicted miedmum dynamic slope of l0N the

center of

w
= ravity of the tilted tower will only move a horizontal distance of 025

1
1 3

from its ongirial base center compared to the € radius of the €owi r base

the relocation of the center of gravity of the tower is very insignificant A6 Therefore

the stability of the water tower will not be affected by the dynamic subsidence process at

all

6
0

7X 600J

D_ ance Face Passed

Predicted Dynamic Subsidence Development Curv at to Water Tower with

Various Rites

AEC 19757



Sowe Structures AEC Century Mine

100 200 00 400 500 500 700 00

Distance Face Pa d ft

pig I Predicted DYpAmie Slope Dcvclopment Curves at the Water Tower

The predicted maximum d i ar is tensile strains not shown for the ranges of

the advance rates rang fro Ytl6x10 to 1 x 10 fiift nFec ruing at 165 ft behind the

lcti wall face The maximum dynamic to tsile strain might be able to create sonie hair

line crack on the concrete base of the water tower The maximum 4riamic Convex ei r

va€utcs will be in the range from 419x i0

ti
p 667x 101l too small to cause any prob>

leiris to the water tower structures

In order to prevent the concrete base of the watertow>er from being cracked by the

inarnic tensile

siwi cables

about 4 ache

oned

is still 200 1 to the

I t00 tt

cables should be Cased The cable should be

lrw the top surface of the concrete base and each c

Thee cabl

d

nstalled when the orwwall face

er and can be released after the face has passed the tower a

d
is

W
A

L

recommended to wrap the concrete base with two mc l

AEC 19758



Tower Structures

The locations of the two t • ca

a
s a a i•a€i a towers with respect to € e edges of

the lung all panel are also plotted along with the predicted final subsidence profiles in

Fig 10 The smaller tower is located in the central and flat bottom portion of thesubsidence
basin with the final subsidence at its base being about 36

f
t The larger tower is

located In the concave portion of tote final subsidence basin and the final subsidence at its

base is about 30 ft

The assessment ofsusidenae influences on the guyed towers is much more coin=

plicated than that fbr the water tower The authors have developed the assessment€echraiquesand successfully applied them to one guyed tower that was similar to the twotowers
in this study and used for signal relay of cellular phone services Based on theassessment

simple and inexpensive mitigation measures were recommended and mitigated

That tower was successfully protected and its services was never been affected despite of

severe winter weather while mining was conducted under the tower The publication

Liao et al 003 detailing the assessment techniques and mitigation measures is attached

as an appendix In assessing the influences the

f
i llowirag design and operatingparametersof the towers are

requiredCoordinates
and elevations of the tower base and ground anchors

Elevations of the guy wire ties ora the tower

f guy wires

anges of the tensions in the guy wires

request these necessary design and operating parameters be provided before

the detailed analyses on the potential subsidence influences on the guyed towers areperformed
The predicted final and dynamic movements at the base and the anchors will be

used in addition to other input information in assessing the subsidence intItaeraca s on the

guyed towers

However

it is anticipated based on our past experience that the tensions in the

guy wires could increase in the first alY of€he dynamic subsidence process and decrease

in

the second half of the prou guy wire tensions increase tot much they placea

significantaddition•al kind on the lower members of the to per struictaare and potentially

13

AEC 19759



A etit Nfin

loads to problems to the tower base the guy wires and the 4 hors

I
f the guy wire Wn

•a€ra decreases f€€ tiki 3 it couEi LSL Mackin ss€ s € on tot $3y t ices which e

duce lateral restrain

a£3€oea£tei

the main tower structaure The significant differmfial ground

3th vertical and houtontal dirSesctions a
t the tower base and groundanehfyLrs

w
il
Y

l•
•

a
ls

o causL vertical andalld horizontal rotations that lead noiomiattk pro

1€•tras
+
So the towers

However as mentioned previously we have developed and successfully applied

some £ia£ igation measures for such €byeiJ towers 1he mitigation measures could innclude

1 Periodical monitoring the tensions in the guy wires i e 2 to 3 times a day during the

to 4e dynamic subsidence period w id adjusting the tension s in the guy ir~s if need

and 7 motutorng the plumb < he a
r

aua rower sti dare from two orthogonaldreeus
parallel and perpendicular to the t ireetion and

a
s just the guy wires as

n ed d ths s mitigation measures are relatively si£nple and inexpensive to i x£ te£ acs at

I f uenck° on and Milan n Measur s fair ite Power ranstnissio Towers

The 14 power transmission towers arc located over two longwall panels according

to the latest mine layout Ainong them three are located beyond the panel setup entries

or recovery line expecting no or very minor sub id€nce m luences fight towers areIncared
over or near the lain pillar system b ween two adjae nt to gwall panels These

towers awe to experience a small amount of final subsideacebut some of tI •a alas

subject to high final tensile strains The remaining three power towers are located in the

central portion of one Tcingwall pastel and expecting to experience strong dynamicsubs£ttc
a pro ess h fore the o er transmission towers located over the chain pillarsem

system and within the panel edges may be affected by the proposallongwall miningatperaations
The severity of the potential subsidence influences to each of the tower coul

be different deeds on their relative locations to the longwall panels surface topography

the design and Construction of the t swweTs etc At the time of this ritia

t nnation of the poet towers base not been provided for us to pertanned detated aria

However it should be oted that the authors hia e reg i€susly pirforzned asses

is on the subsidence effects and n onitored flu stress on a numb t of power

AEC 19760



Tower Str t re Alit YntuA 4

sign towers Similar to the on in

this permit Aara That study taunt that the longwa 1

subsidence pro ess would have oCn little effects on the stability even when the latiral

I was apphed on the ssubsi€ied tower That srudy alko considered

the additional tinsion or agg rig
conditriiris whim two adtaceni too ers are ssi 1 dt to di

6nntial literal movements and slopes during and after the subsidence rocess

found that such additional Tension was ins gnihcant to aft4ct the power tr ti rrt• scion fine

l lowevt r the differential

In another stud

tower could cause bending and twisting to the steel mentt ers at

r merits especiall difkrential horizontal displitcernents

to authors studied a very important and large 4leg

t leco tt i

t€
t

r
r to ker located on the top of a very steep motintai peak Luo i nd Peng

199 The tower was rses onsibl tir sending and receiving signals to

communication satellite for a national telephone company It experien ed two

subsidence processes when two adjacent longwall panels were min dl The analyses on

the stabihty f nctionality and structural integrity were fiertonne€l I
t was acid that the

differential movements at the legs could came problems to the low r parts of the to

In order to reduce the see rity of the anticipated subsidence inf uences• r riti gatis

ineaisures including a rrr pensaticrr 4rench and bracing methods were rep omr mended and

implemented for this tower The mitigation was very saucc ssf tl No damages were

fd iizdf on the tower structure despite that ground cracks were o e ed nearby The

services were never been interrupted Based on the experiences with 4leg towers we

believe that the same or similar mitig ti€i measures can be applied in protecting these

power transmission towers In order to perform detailed analyses of the structures

design information from the power corn aa3y is needed

preliminary study l as been performed for tihree types of tower sstrtictures to

red rn an area where the ir3i£3irs r+ennts is in

among the three try
a struct

icitwn process I
t

is concluded that

AEC 19761



Tower Structures

The stability and functionality of the water o ver would not he affected by the

dynairuc subsidence process according to the new mine layout The dynamic

strain could cause some minor cracks on the concrete base of the tower hut the

anticipated problem can be controlled using tension cable zmethod

The potential subsidence influences on the two guyed telecommunication

towers can be assessed using they techniques developed by the authors Based

on our previous experience relatively simple and inexpensive mitigation

measures can be applied to protect these two structures

The subsidence influences on 4log steel towers for electrical pc3ver transaxaisa

ion can be ssessect and mitigated using proven techniques
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Influences of IAngw t Su t siden € o Guyed Steel Tower

A Case Study

Dtic<rm e w FC rxfi i

E3iit it nt oY ••31iI i3• 7 C 3 • it3•

Sy S Pere CA`<

31ta nE versit `

V USA

Brad Stflkr

ABSTRACT

alive

LP

<z Ei`E fc E 1 `£i itfk u <d twt<£ i3 stag i

ss3c E3•`E 4 F3< pf<a

9h
all

dy

Ions

dc£3 was

IN RODUC •

ltd 33£j 3£i LFt i3 tis

near 3

deptz at the W cr base is

AEC 19764

€ ONG r AAA PANEL AND i W er EI STRI

isxu3€ panel Ov

fowhyr



Me 1oset3 MS 2h ieku

one Qoniptties in the n t34

tnsnnt CoHiitat idiotic tstals been tvo 5 31

three `3ttLre n

Me EO MM
1 one he

rile Concrete anolxjl

iLS= 1 i`3t3i313

the

Ilkta cst t
3

PC

0 t t mil and l

3015 are

a
3

i

trot

Mc d in We

a
t

J<o

n3itofenaF3Ce

Sn3 the

onto

133 the

aria

table 1 13d11iv3 1

tions of tbc point o

fable 1 Local ooiz33

thet

Ann

rya <1101 BloC aF tl

itils

point of 1
3

terest

The

one steel bolt

borl
i

coristnx

Si3xeiC one 3t

being 1c l

ametorand height he

alxtY the UMM
lit ca h of the t

ia1 is used at the

3O w e base r e r aft

are tied to tth

tower base

lure foe

33s a to
13r

sai

AM be

ticei`ti it

wires We be

Boot 15t1

Jesc1

to and c
t

vav

cone €i0s

irclinal SySeni II
S used

V ah oo of the local

a
t

the tciwei 0

ft a
t

ochars Eire not on the

direction of lo

on with x 13 a
t

of Panel tailen£v

tailel

> of to owner Me and Anchors

PRInsII€11O

Tic l 0 369 60

Tie 2
E

C 36 9 123

Tie a 361 17

Ie aeons are expressed 30 3 t it1f33E to tower We

foundation with

refit 63witia

<irfacas

structure 1

I Q The

anti t rF res10053

up of the tco

ales tio31 of

and is t tat € `ast t

eT

1 ie thickness

indrical with its d

treeI it of 80 0day aeve mw d

f6art

Xp std

tourer st31

one guy We
or base

e the

roil and €e a

in t1f 4 In

33tCl Svl t£ tCilat>td tx3S13

or level to L975 lbs at the top

AEC 19765



•Mce on

RIMERNINIM

•Nt£zEai+ F444 3 zt 3 Bass IN

Yonne Swx

s
x • ts DS 32tUrzi 1 ttri • z Displ c 3Etiru

FE 7 P Nzboed QS it33t+ HoH7i>i3td

Xsa

is Over

13i` 1 d•4

i i Irca 3 xno xat•r3 33mp f
t

DE3fs

lit l

AEC 19766



arc i • >vey 2 $n F y> `oro 3 •r°a$zi •5 i i< ig x $ <z s lc t • t9 $ k
yA•

22
•S4€SS1 EN T OF SUf3MDEN is € T Tt1 t S

x<5ased i>E <3 Er own 3< r£3
>

at

Iii E13it<`£ 3I e i33i tEe Ans€ i a i< sEn3<t3£ I

3liSEs3ji of E£ Emi WC fEiYS3iii> i3Ei ds`titinan

6mis of to t<t strt3dir can ii <<i1 fa3fi <t

kis 3E 311 followi two LstiJt4 tit t4i7a3t3t fJI13<f Ses

1Et11 1Es` ground Stft$ulea
E ess CUM cause to Ih SuJI

Irl tt3< r tatl b

Sincithe 4is>rci f idt

nd on on We €i€i I13

Cj< •£ltT•<€131CC r C><Cg cv3 i <33Ct£3

S<` `>i> +St•JS i
32 si3 sit•`£i<` <C3t

3341iiw some d<

1
7 E2

3€$< €1`Ef l £2 fi3<`s €s£<<

et1 i i>3Uff st£1cf411<S€ £2t39es to of the ti3t

• f1t3 i<>SIclsf3 i3 13e tilling and <IiIitif 6e

1airOl3 OO3 t£7`c•>r lf3< E3CtE €`< <>tEt7 s£iiskiCfeC I£<i

ts xci<t <r£nf3 33 m <s€13< tt 3 t

Nockage f3 allgn1131 nt t3rc3<ms on £2 paths of 03<

i3t3ai t331Sf3fP3>3<sE3 Ci13i3Fl> in
<1is3f37t30i3 L>i`i<

of 3€ Ciiti3 ilir O 1103

€
t

3fi Ei 1< 32<i 3 3 >
f ft3 3i3t Ef>C •t C

3 0P itE<s 31<< 3 £i0 of l$< f2£ie tai5

0
3 niC 3<t3 ali<

or 1 1331 We <231<ti 33331 1 Si I< 11 1 3073

< t has 3337 c 302 S€i<>f3 <0< l<€31<£3n h<3

Ii
i

b
i

s33St3ti lie Ctilff 3 £3kE33i at EDGE 33<` I2i31030 3S

qcnp can A

f Sx3fE 4 €
>

3> 3t €ft Ei f3 Y i z <33 31 <ic

I330 t33 <1<<ee< 3ank213a3Elt7

of 33ai`31 3 3313 fs2i2 3
< 1<2<33 f2NS guy x33

and a 31103>3 siFc I` > 3
<

l`

f3i€ 13C s £f
i a i T `iv <tsi< 3ti it1>i1iC< 013333 I3 32i E`

<<3< 3s <tle£i332< a

f
•<a2 F 311

Assrss 2fttt + Struettf3a St>itititi

`itobd31V mots 0 rh7S3333d t< i433Sd No Iit st 1e1133g

Jill mail 24t i3At3 I3i17srl3 stoS£ I<a<e£ £t iss S th<

si £
f J<°1 ur I I

t t3 t3 i f0 `t Cj1€ tsc c I30 1 ti3fft

of 33<3 ti i3<EIS tie Uv<tt 1<safs I< a

type cry I

i7

c< 3S3liEfiCC t£E Cana 110333n tE3t

lsErld £tt<€£3ltie and I<3fi < adFt3 i << s£1i7E> I <3

F t3 <d E<t> ial d EJ2E t< it7<8J2 S3Cf3 >13 E
€

3
3 2lf •i1i3f° thus led t l 32 ts

> <0

E > < s > t n< tJi< itr 3`i t a<x i t<Cf<ril2Ef3i3t<>13
irs the

i` i 1333< 3 c3i5£E3tii i3 E ne f Ef1s0

That 113tsis 3fi>1t< Oat 0 S4tJAti<li< irlfi0221 0fis3<3

10 t12i i<fi wire sbt32 3331 Jt1ic 3133 Ci3k3333CE 1< tri

t e rf
m oll s w theC 3S and to a t34i3ixc 1rc3E0l it<

E E2i sii Castti 1 €3ir2 133 ai tif1S3t `i1€E3<t 311 2 €3`C

35> s£I<d <31h 3
0 Am i$t 03132 35 1321 t3 2<2

4tet Ill hlboiiy of 131i

•CtG4i31132t of Str31ct33C33t i31E1e<>3r€1s

33< f<3<`3at MOM i <Lla ce2palial <t33 of

the lower a and t22 31Ei720 t3< ai3a`E3i CEEi

ti <0 1s f°tfvt> titif

2+3i in Lleci3t3<nand << JS<1333 < < 3 1400 3£E<
< 10001303 17300 <t<01 7£323122 W W t33s3<<3 <>E Oak

13i < i >3Ei sf2 33 die guy <7 lt i3<€310323 <`5 10 3<

`i r`fits7 ` <n L12<Yii 0
€3 <flC3337133 i< E3YEICf7<`CEi<€3<`1< 1I f33FO

if 10 3 3321 iE3>££i 1~333 1213<irEr1 131 3e

<3c<£ s< 32j<€ I rt314€ £i E
3 31 3t t2 wet 3110 >

hc3 2211<< < 313233 ia<iE<02<3if SC 3Il 3•1 in

Win t Me most 4331 1iJi1 10<0 3s <
0 ctts13 30 <

€

E
3 <• <<3 3i ile 03< I3
7 fi^c< <2 i 33213 33 f

in 4<33kEft•3 23i

Y
i and irte 1017 and <

033233 of mnd a314 i3 at a <32411 t310< ago 3 cum
0333ates aR< iC<tE<ifi £f3

i3 731 3
3 iii on the Ii7b6s<r 4krc t•

and € le < 33<10i 1<23f t33 C 320 13 <<ifc is 1 3 ` tt33Ei

i33 <f331f+ff and J the ISIssi3 ` 11N< ci13i<>i3301< f33SL3331

333033< 3332 33 3<€i

i 130 33031303 < f 3i< 1 NtFtl WP is

323 3 333223133 Il<f<t>f< ft3<t

E3 ial 3< <2332 E<t be <3231 l of thestftJtti<3
30021 € 3C t 3 < f>f 331 301 ts1 this tie

E 2si3 < 1< <cc< L`>f<a32 t 33 10 <

<1<s 30 31<01 E33ia fE7siAi233 731 3> 311 3sAE1t202t

<<>113333 tii$ Q tC 2330310<111<035 fE>f3f3ea3 ii 1E331o13i

E 3 1 101 ct>r<1u3a3 1 and M<< xf of 001 £iOreil Us
Can € d2I 113> < 01714 1Ic flet t133 033303 `
1 f4E OGo
r3210i25 wacky 3I a <133 331i2 ctE3 A cfnplt2

`MV M13 s <
t

3<ttC r > S<Eli4litarwollS

Y4fT£i7fi> 1<223303 > f3 3<3v17<£ in h 3 1alK i3<r>£<tri32ir 3• aL <€ E11<3 t rtIE333tE 11r the lies a11> 338

33133 10 <tSiS3Cvii<i^t5 fYiit£is3£1 iiif31•41ti`kt and

7113CL `2 <33< <t• t IOc>e C lt`> <dt>it t< f3£

3wCc he aim 0232333311<30 a3<i tie m1<UJ15 a<< 5aSf3 Ili

t >s 3< 020 atiE3S 3
1 5 3312131 1€2133 < 300<£

Iv n of ii t <>L w<<03<3 1351 3

3
f

t3 pc<1 In 311 We
nwe owl the Won pan

WOO i toy 90
< iiLS4<1<

> 1£ Jf <EtitrfE3< c2>£ti300c of 335 ins and 33<

33<<01s 1t3< E3 S<<+1213 kal t 3223 s 3132 C£i` `
i 23 003<

the own has on be Mammoth in onnow 0 UWmoo11t Rt` 3311 <1i<1 332132< 3233

s3<22 AV m0733css of nick of Era 1133 3<3Xs <0 E$ Re
2 13< 00 £132 £ LCS1<3< 1333337

sI3f1E3<€ UA si <a 33< <<3< 1 32

AEC 19767



rot e is t32

than the

sMmT that t

3 the J£rlgw

f3•4y 03 k3wer bta

son was Mtn 0
the tower whet the

Mstassce Face fa50e 5h f
t

rontit1
k4t3<te

er33tX`stS t3f 1e E

37sats3az s
s

en5 whiz ft wpxvt iu Babe at TES Z

7C e

trsstazxe aW E3xz ss i

fi•rirorita J 3Is€3c 3ECt of •c `
2

3
a •i•rri w t with Azsp t

is

F3sacx at ltd 3

r zni3tal I as Jtkt x 0015 £if I w J

1033iYw

E
3
i

htioaa3

ar>d

IMAM
ro

it

no i i atit t 5 m rJE0 wire

37StYt32t earEt t1i131 are

Fix
3`Skf7titt•C£3i2ti33ft32Cf`ct It3 the Cwv Wins

We a Mal
nonexistent

larger

dittun

no In

i €irt73at

oat n ates

Itto to t tb

passed the tower

he guy wire become

den cin ttc

te£f Y3caf

€3G <it t E33 C£>E39£ t£ i C
C to nsio3k uv e

hrenkagethe 3 y wires

tower strmtkfre e9scoiaily in

I the tower I>asc Sneh

St3ini13c t£33s1t`nt

3c nezabise a Iues are

tonSJ Under such

ttid t e tit er would

100510ns 30 the guy wires also

WK IOU in the

n Vt a E 0t1

t2 t1 w to

XH31P0t3WK S

at half

UNUM MORE

taitation of the

t Lt3SC a nisTl ce

IV wM
Wart

tit upper

indvooi

at310 the

t 350 i t

r 0350

he base

€3011 ti£ti1 FSU 3CkO ia 3tst

r
o

lA

titract

story i t
bout

s t t£Ic ti c St ztec l atl to t
l e

any ti ictifreT itte city at>3 Jcir t

ddifional lead

tie aol

sat cunpar d to the

Td t
l e load from the

POtdr>•i IJzcreiore the

ttld viol cane

AEC 19768



•t3t1t1F13i

3 its 13 £atti or stt Lgst3 rs3i izE3 s3mpi
1

tr 3Si aaia i`33 33 SE 3 h 3+ i €313

tic3323333 3 3Y17t3134333 c 3 35 tit

333333

323 3l±` Fa 1f3S£333313

3 12>tl f 333 VC33zf1 13313 w e1 1343 pat ti3^

3C C£33££il aSftslt 3x15 a<4 cFtCeFrt3 ff 3
a

33fi i

33313

1
i C Fss s>

t out

S11t3•3

Cs3f1t

3313S3f3 ii

r at 1337 tll

r1133i£t3 1hi 11 e3
3ZEi3tis431 +a< at tin or the

14 t131 low` r a few 3zct t`9 t1

3 313£3 53 lmv 3 than t t <

3<E32 a 3 +431£ 313333 23£3

cg £ X3133

it
3 3213ed 133

313 313 ta •r3 tha • > J J3 333 7
1

00y EN3C1 l1Eli 13 a
s 2313 ate

3313 31131913 04 Jtcate£1 333£3 a3`13`313

vro

E 3 13331

43ti1IV 3
3 133 33`33

i3 a32a

3
t tI2 tl3£

$3x33c V34 C3t13£1 C 333 LL3l3Vi 11333 and this 3313333

His

30113

itftiZ 13133

i33

1
3

3
3 3

3
3 1

iimi

1`3321 >d Csi<stdatatea 21333 clem

t 321133 321aIt331 1331~ 31oa

a
3 931£ 3pal 01m 132

p1333313

1
3

1
1

3
1
3

3
t

>• as the d
t

i3v 311£ 13 13311131

C 3311~ 133333x33 1332

W1

I m 2 h3133133130 3 333£31331 3

31133333

3 tt f anti l 3a^

away

p
1 nc 313` 3

23333£3•CSfs£ s

T 31313 3 v3131

the ta1t33 We 331 3

t3 3 313PC 33 €hV i

p3334113 £3 3
1 wag 333x3

3 3 1
3 3 3331 aIy3E3tle of 33e 3

£41313 33 sle xmd 31£3

I E recommended t

o he 131313533311 3333

33013 33 313113 1lsar3 1
3 3333311£32333 335333333 33

3 i 113C3 • ttt`3l31 1333333 c 334x 231 r a 03 f

3£333513

3
1
1
1
3

3
3 X11 T 333 t13>sa 313 b3 13111 £ 1• o 13133 331311

33 31313 3s 3ed £3 3Cti £ 333<£3333z3 VMS £43

33b333k 1133a` 3313333 o33

131 the 313 3<1 3313 1341131 the 133331

331311313 3313111313 Ic 3Ci 13313

3
1

113 131 4`33 l00 and 330 tt t

R m 4333313 e Do 33313133

3
1

3
t133St£t

I
3 01333133

4113131 1

1
3 33

31 I

331

ti 3321

03133

1
3 131 hQ

Elf3 33131 3 3353

1331131 and

13332 JIr t e

1131113133133

3
s WLIl Tts 213<R31

13 liuhS31It31313 3Ft31 3133

13331

3z°2£33113

3113311 i1thsaIt
33£ i

33Cr33 3135313

9 €C TJoN MEASUREAND RESULTS

two

33kI 3 3O`I31

1313 3333<3

ed that

1433£1

€5331333

333 in

AEC 19769



22u I> er z o

CONCLUSION S

rc331Sti3tSsi0t3 to

the ootionli l

>3tO va P Iia§

illfh cos on tt

re1utty asst s<r OaSea On t

ims m the Jmwni

total itEf rma3

c
sstsmxIcnt i d4ate<t ttzat stnactura sta 3i1v

itinctionaiity of tTii tower aouid no bi

UlUOU

1t3S3 £

to 33 the `corn ld half of the d

wised on me as essuiem

rt£x ioring aid tension aij3n

st£1i•1 zt•i ttcu TheprQject

< 3Ya3Cfi31Le event

1 •ii3pkc mitigation

Went was recommended and

3 successful tts cvido ced la

earned by this tramsxnissic

9g

AEC 19770



16th CONFERENCE ON GROUND CONTROL IN MINING

ce Prediction lrtf1uertcc Assessment and Damage C

Y Lu Research Assistant Professor

Syd S P a Chairman and Charles I Holland Professor

epaatment of Mining Engineering

College of En inr ring and Mineral Resources

est Virginia University`

nrganttown ••

A8S`TR CT`

An extensive subsidence research program conducted

by the authors has greatly improved the accuracy and thecapsbilitiea
of subsidence prediction under complicated mining and

surface conditions The techniques developed for assessing

and mitigating subsidence influences on various surfaceserataws
have been applied in nurnerouss cases with a very goodrecordof success

INf ODUc ION

Total extraction of a coalseam using longwall mining

or roomandpillar mining with pillar extraction tends todisturb
the overburden strata and causes immediate surface subsi

derive Depending on various factors such subsidence events

may or may not have the potential to cause problems to surface

structures Surface subsidence research conducted by the

authors has demonstrated that in

order

to effectively and eirz

ciently minimize the subsidence influences on surface strut<

tunes the following techniques should be applied

systenaatically

Methods for accirately d redicting swrface subsidence

a• c r 1 a r
r

relining rrrur cur ce conditions Success

in dealing with the issues of subsidence dependsprimarilyon the accurate prediction of the mnagnitudedistribution
and timing ofsurfiace subsidence By studying

the subsidence basins produced b
y different mining

plans the possilolcs subsidence effects on surfacestructures
can be greatly reduced

Techniques for c sessing The sehs reece influences vn

s~ur ce strictures The probability and severity ofsubsidence
influences on a structure of interest need to be

assessed before it is undermined Due to the large chi

ferrnces in types design material and construction of

the structures as well as variations of movements and

n trot

as to be experienced b
y the structures the

different assessment techniques are required

Gs for mitigating swbsidence influences I
f

assessment indicates that the subsidence influences

on a structure exceed the structures tolerable level in

terms of its integrity stability and functionality proper

mitigation techniques should be designed andimplemented
to reduce the subsidence influences on the

structure

This paper describe the efforts and results of a subsi

dance research program conducted by the authors

SUBSIDENCE PREDIMON

Accurate prediction of surface subsidence caused

b
y

underground mining is required for assessment of thesubsidence
influences and is the basis for the design of effective and

efficient mitigation Measures In the past a great Majority of

subsidence research have been concentrated on the prediction

of final subsidence over a single longwall panel with a relatively

flat surface The prediction models produced by thoseTosearshet
have limited value for practical applications because

of varying and complicated mining geological andtopographical
conditions In order to improve the prediction accuracy

the authors have collected more than 200 lon wall subsidence

cases all over the US coal fields through an intensivesubsidenor
monitoring program and from various other sources

These thata Were eased to continuously refine and improve a I

based program package CISPM Comprehensive andInteSubsidencePrediction Model developed previously

the authors Peng and Lue 1992 This program package has

a naique and rich set of capabilities for meeting nearly a
ll of the

subsidence prediction requirements in underground coal mining

nnploying high or total extraction methods in the fly I
t is

very userfiendlys requiring neither particular skills in computer

operations nor indepth knowledge of subsidence theory it

has been proven fairly accurate according to the feedback from

it
s domestic and internist anal users and according to our own

AEC 19771
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Whence monitoring data The following i portent f3a

it
t a

gram have been intirpt3r3tt dfrom our subsidence r
> search prof

the current vetsifsri ofCl f pr graifn pttysctttxe3

x tritaWrC VZS1hSU ixrce jrafo r MtXia1 W M

maiung fper3 ors As Iwf° e f Strt

t
t tt

•resistsi a surface point will expetienoe a fairly wmpli

sated dynamic arabaidenoe pr cess before it becomes

stable again During the dya3arnic eubaidersce process

the magnitudes natures and directiops of thesubsidence
zr3oveennerta and def6rtrataonc at the surface point

frarane with time and their influerc£ to stn3ctwes are

also time dependent Very often the dynarrue subs

dtmec proceva plkYs a xnore portent role

ii
i

aaSemiaaig

and r t
i sting subsidence 4tfia3ences than Anal rubes

denca Matbernatieal inodeis have been developed to

Predict the entire dynamic stabsWeme process ansoci

ated with lon wall mining operations aLuo and Peng

1492
MWI snasIJemre iunn tnwr a Singled an mi3panekK Most of the artbsidence prerictivm

methods have been d weloped for minting of a

panel only They are unsuitable for the prediction i

=bsidence over multiple panels such as the lonjgwatl

panels separated by chain pillar systems as normally

practiced in the US A inathemeticl model has been

developed to predict the final subsidence basic over

multiple longwall panels Luo and Peng 1990 1991
This model is based on the finding that the corvrer ur ce

of the chain pillar syst ntc between the loftgswa311 pen
<ani£1 t sf3tsil3ute s by significant amount of abler

dense in the area over and rte ar the chain pillars

nfaf stbsdeto seared Ay high ePato a romrsa`•jr
37733a31ag

meth If the recovery ratio E31 4 itatfnarnd
pillar panel is 703 or 1

3
i

hea

b
y

partiall Of fully

dictracttng the pillars in a roor andhear panel in mns

diate surface subsidence versus the unpredictabletubsldence
events over low extraction rf•rst snsztlar

nainea often seen as the aba£tdoftd d mine sub

will be induced The e isting methods which have been

derived ltom subsidence data collected over 110rn8s<all

panels ate not uitablf for subsidence prediction o er

high extraction roo3nandpillar mines Based on the

available subsidence data collected over roomand

pillar panels a method has been developed for thepredictionof the finat subsidence basin over high estrac

lion roomandpillarpanels Luo and Pang 1913

Skudies o swbsi rnce rrr•r3reters The two basilcoma<anet3t
4 of a subsidence prediction mettod are thechosen

r£3at hematical models and the parameters involved

in the mathematical model The subsidence parameters

often play a very important role in the predictionacctsracyHovwe er the reported subsidence parametersoten
vary in very large ranges which are of little values

in practical applications Such large variations are

often resulted from the use of inconsistent defni

of the subsidence paara rseters and inadequate detetrfi

nation methods r
$

great effort has been made inccilec
ing subsidence data in the US coal eel

ft3fidla£37f£iig the definitions of and determining the

a3bsidCf3CG parart3eter Pang et al 1995 Based on

this sstudy the ranges of a number of commonly used

final subsidence paramF3eter°< have been greatly

nain<1 el

In additional ti tretliction of surface subsidence tools

am provided and self improvement 3ne> h
a

istn is €
f

gilt in

CIS€M They include data processing for subsidence survey

dot rmination of subsidence parameters based on mining and

geological information and deduction of p rame•ters ft3tsncollected
subsidence data

Numerous fell obs rvattons ha e demonstrated that

complicated surface topography and steep surface Slope in hilly

lions have is profound impact on the ground subsidence

profess offers resulting in very different clta acts aiwtit

•
i ofsubsilence

basin from that on a relatively fiat surface 3 tl=aft has

been made to study the surface topography effects on round

subs dente process A method has been developed for theplcdiction
of i ttel s 3 silence basin in

hilly regions Luo and Peng

1990 Figure 1 shows a comparison of the calculated final

iaomal displacement profiles with and withoutrnsiderateensof the surff>c topography The surface elevation is also

d at the top for reference A much better agreement with

ae measured horizontal displacement in the steepest portion of

the subsidence monument line has achieved when suxiarae nat3i

1 s13dpe was considered

It

should be noted that horizontal

isplacement often plays a much More important role incansrg damages to su i ace structures than subsidence i e vertical

settlement

5 tStmaWO
ooooo^

3fi r bk•C Sii•s

10 are mpg

sr•iaszx>e• 3iu

iRSteure from Pan e
i

HO 1antry ff

t 1 iv3e£ts£az t

r
t vim rslttttaited n33at horiimntal strst•l c+e3x cns D

t33•3
tar Sttfii M cuss 3 ct4ss33 avua a 1e0iywall tsom1

sear retstise y steep sa3^faee stole

`fFHNIQ1JESFOR ASS SSM NT
OF SU SID `NtE LWIXE CES

Research emphasis has 4so been placed on monitoring

the interaction between the subsiding surface and varioussixfac<stfu3 flares Ear d fa the £ill 3leaf data criticalde^onnatianalues for vra ious relatively Simple structures have been
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iablihed t hniques for aaaeati3g s+ tn4id€no ingue3Ycea

<
f

3se structures of itsrge dials sion andor o7r3ttler<€t have

en developed

A number of critical deformation values f +r tvpkcttl regi

dentiaf structure wood fuller or brick su r
t rstructure on

s
f

ne or crsnirete alac khascra3em or fou elation iu thenortht
3

s
3 Appalachian coal fields have been established Hill s r

face tension and crrrtpression are gzrwrally tesponsiblcy for

cracks and backing cm the towar portion of the residential

stru tur respectively High surface bending could caule
problem to the superatr^uctures such a sticky doors andWindows

fissures o
n

dty walls puling of old wall papers and

paint it is also found that a large tilde on fluor could cause

sate f3Sf3n4enaen•eit>tlaeres3dents

rowed cracks and burrps are caused by high surfse
tension and o om ressioo rt^r pet l ively Chound cracks as wide

as 4

f
i though very rare have been o sensed

in
eel a

tt

1

trans over a Gw longw f
l panels £atr3eral€3 pound acct

cause more problem egdewetering of 333x lhee streams or

ponds than the buntps Criteria for initiating ground cracks on

various ground at3rtlae have also begin est tblisshed

For those struct acs of senate dl3xan1siorrsandoreouplicatnd
design and a onst=aion a more coolprehensive aId60be

ifed arrsessxrse tP

shoals perfomw d l owee3 due to the

large variation of typ rr3ateral construction didf = i kn an

functions of the stnactures the techrrlques for assessing the

strbssdetr e influenoos on these types of strtitrsres va kconsiilerablyBasic analysis should b performed to determine the

nature and severity of the follokk

problems

es of potential

trraeo m1 zrrte rsrv T h
i

s
s an ndicator of met ¢ranical

failure of a structure of interest under the iarfltaartci of

subsidence Idslot the stress or strain field an the

sttuctur+ s should be evaluated The peak stress or

strain are then xnnpared to the per3xusesible values or

the structural material to determine the possibility of

structural failureFor instwice a Method has been gar>i

posed and ucoesefully applied tc

assess the stressdistribution
on buried pip line affected

b
y subsidence

Pens and lcus> 05s In cases where strc ss £iii

fields are dirt ctxh or impeenbie to deteraline tie

=
e best o3rponents of the structure should bedetoifled

and empirical values are used to determine theirinte
rity°

under the Influence of surface subsidence

Strucorral vabidrry For those tail structures with samell

bases the subsidenceinr ucedd slope could make then m

potentially trustable during or after subsidence process

Both the short and long rem stabilit u of the structure

should be assessed If the siabsid€enceinduced slope

could move the center of gravity of a truetore o it

of

its base the structure is

said to have lost its shortterse

stability A structure loses its longterm stability if the

strongest rind blowing in

the direction of maximum

slope caused by subside e will be able to topple her

structure

rttertir iz3xra 3i lz > The ability and level fs>r th

structures to perforni their intended functions during

and after auf>sifencc may be efl•ved by ground taubai

sfl

we processs For example subsidence could change

the grade of a tailroad well above its permissible grade

A conveyor belt could be rendered inoperable due to

vertical and lateral alignment probkerni caused

b
y t

subsidence process

The aotf ct • have applied the established criteria and

the developed assessment tachni ues in Various G of is in

T

r ss3sg ubsidentee in uences can various surface truttures

Some examples of applying these assessment techniques are

shown in Table 1

TECHNIQUES FOR SUBSIDENCE MITIGATION

If the assessment indicates that a structure will beadversely
affected efl•ettve and efficient mitigation measures

should be designed and implemented The following three a

proeches can be used to design the t litigation measures Ireducingsurface movements and defortuariona in the area

coneem to an acceptable level

b
y rnodifving the utinit

leaving a support area Under the structure C red W6ng

transmission of n ovetnents and d
r

fonrtations from ground

tli structure of i3Yter

s
t eg tvenclsi

lg and planMattixg mci

1 reinforcing the structure so That it can tolerate higher

TLs tefeca a3zmaufeatfee traassssautcsaazsa tc we>r

aEauaar oe 0 talk was 10ca4eQ on a steep stepe at a

a tusa3araf3 peaks €tas gtrster stesez a fu3ca sw I
t

liaises

In ssrd r u prances this rowers treads was daagarcpund Briar

of ltss far and reair3ia•rresne33t beams were isastalea at the

lsas+ aspitr at rarusaat eran 33trse3wrd>zraarlr

mere er as axe s
f

aaxrtraua raps thestrarrtcre nod its rta wstg

txrtsx kip all timt

W
If``i

F 4
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Table T Some £xa322les of wubzidea2ce 1Mluea2ce A3sssssEi2yis2ss2i Ftrsults

Stravtu2t yr £

faefrcriitiarss •taj 2r f Utirulclons ifs 3 12rs2stx

eatssae •`fst2cert2s

7ec<3rnraa<nraZrsid<riiatmom t4 >t+ b•>3 3 Lust utu iuaF Y Wi irc2Y2 g fage Y xestisl aii3 iL>csuste ua• ss

tuts or vat l it gu 33 San1 5<tiri s izfy 2tnt>aLrtt 22t>xuirs r

ttaisrr>ttlcu
fi3 i bait 3i

12tc2 s rd s <

sl ijxlixa `riusiV 3 cii •irFe vrt 2 citutl iejtriiy L3L32aKV t tiC22itF t2ig3i •Ss Feratk t>>t

£assg as gs e£x Lcn sneasuse< r<cc2n3ncrYrliu x> sixsb3r

accrete Wa main trarfsmYsso 15tt>CiDS itx2L2 F 2 tcgs3Y 223 1x2>s2a o xticru• tg `tsffa 3r naYC tltui

Fr fvIr
Itttc over 1 tmgwa££ piIs 3

y 2rcFicts3 Ficn 222<iss222cx 32f aFte222 xca s is£stui£

tec<22un<et3cd

asr ism WW 3wu iise3iaee aer 2 1a2 trxta>a£ jregsiy a 1sr51sg xtert fril> r> Nct yc

far garIwe Wall gWzels f cixvs r °tifipvxszs 2ctrsssimn2drd uii 7uiiii r1

Bice1 was Mai axis6<t 5u3py i ac c s ` >Frs3 irYS>° t rrci EY>sasiZC •mtrtii high € iks E t s^<tri 3
3

tsitxlifse 4 hngwall auis Eitsti•^s£i3 fi>a me<isu•s rcrrmmct2tFo9 s2tscs3ti
3

lastx Wd f c
t z pct su r °3si3tuf2<22 ssit>i it ssgs rasf tissaa rmr tiE lrsr l e 3czj P4irsixd is
s

SrcF
•Zar

lisr ours S ai•i 3
3

£
Yt2cs r cti<s ilfy sis^ 225irrs>s r4>tia 3irc> iscKsess

A lwgs 33>e r F F I yz ssr > 3r r •£ 4CQ asc ci 3a2t1 a3I br < a sc 3y
13fin<s+SYgccZ•3 `6v5£3 ffxr9<`13rSt 2

iV s c •
F

t ni> F2 e t`f <CL YS>£ sx GV bA
`h2ii£YSrtf3S >

3 ti •i d<1>tixF abciia2Ef2

screams 3 3 s^Y3a r r 3>rg
h 2

3

rltrram ir rtersssi x
Jeri <

i

s
J

iiiair YY27t<
•

>laL

Min t<fusc User 3 3a r ws
raasx i3

1
I

461r4 wjth hig catt risks tic

Mitre r>ftfse Over 3 3x•x e 3 caneis e
EatItrr violety mined

f<tsaiFiGt• o> £srgvsP

stsississg

J £r<ssibiiEa oc hi332ao

vfsyif`f
rxueri• sirrn ••a sir

<ItLn3ij tiSat3a22icfsi

• y•sr a<> ra^tn22r<ss3^i ut J<s •ccsF2Fy
itxt CiLsf kneti iatai>i to mine uttftttte^<•

sxle
jrsni

Lff cc oflagF>m sub=7s3sr < iI eecx2k av

MisYr r3a3c ItYCr •i3utiri£ £rsnXw2213 asilailiv sE£s> s3j S>3s<eaxsvsxric sr2estitc Lri

tsiitt taa£5 Nlilt sexy 3tsnO• ag ua3c itt2t>1 3tlu g s iu233xiui <

cu t` ad<a it

ti3ilsws3 and A rst3sx d curs z iaiik> £ cici >i es rv n3iesszo c a e frsss• Ssss<2st 13

tsrdtr >rssrl3
<tc2 a axsi cirs k< tt°v^g RIM irs3irs>s itofcsss£

af
Y•U2t>£ traaa 3

9 DFers FCi Sf 12ri

ii faFi Elitf y^ S23fa 3cfy 2C antttflat 3 Sf22x2 Br>bterr3 a$•8e

as•isaa
5

aura a x ihsati> 4s tW ftx2siity sssrl o2o St44 oo 3>wcr s• rsab>x r> 3et E s3•rss rent

r
y ira 3ur3v+sil amt vi p aria 2 es

s Usf s>rs<Ki attx33e3 tlCDE4 ff `y E2Y t•SS27CC+ k>i2 aiiUs iS

°trin^ Qrt c vc a ItXaP3t rxi27r ffsi>^ii 5 is itGrstC2ULx< a2a iiit• t<tiE aK r`2<

13 3DtY<r s2Z <
I

tSJiu£
f1fr2Gl

ii4sgtWtti xsi31 tIF$12ss av arrow I e3 s
e d

S liFx f1Yii efl C 12 Ittj 3t1<aV CSJ£3

c r
s rr• arr rnf1 fidct Ee•+ e 3 3a^ZAaii r`1zm6s

<1Oa3 3

fi

ttGxrrs iAcusstejiira2ua^d Fc4troad>v<T9e2twsBl 2ttiiis^zt3ttrxs ivscix>gdyreckit

ioctaAlafy fir<l3 tig3tiorss>eu2tcsd x srs>sai

iYaasl• • 9s

movements and fiefrmat3<3s Without being damaged

tension cable method hlitigat<on measures b r varitxssir3ct3zresaTicted by subsidence have been developed and tested in

held conditions Table 2 shows some of the stores that

have been sup cess IFlla prole ted with direct of 11t

authors

DOW of Sit f art i q
By leaving an aflegoate are of coal unmined orpartiallyrained under the sirzc t3are to be protested the surface

movements and deformations in the ilea of the structure can be

kept below the permissible level of the structure The Pennsyl

>zrF 1
3 method for designing support area is one example of ap

i3Mrg this F oncept ffowever the PA method overdesigns the

support area when niininf depth is more than 3f0 ft 73a td on

a large rtumbet of collected iongwail subsidence cases a new
method f sr fieaigrling Support are has hoen propose as shown

t Fitt W erg and 1no l993 and soccesafully applied for

tvo large stpictures Table 2

14iitl• t+3tt Tc•hez•ayates Tfrr 14esiientisol4latoet•3reR

A number of simple but effective mitigation measures

have been frequently applied by the authors u protecti<12 of

nearly G residential structures Table 2 Among them f<

s
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•a raaatltsta brew Method is used to absorb surface tensi

compression that Could be trtnxisuasttedit the stru ture fior

sta c
r nding rotudt This method has been proven e SSectire to

reduce problems on the static ttzrsl pails that have direct a<saztart

with the subsiding ground such as basement and futarr= atznrts

PIcrue frt€ng me hoI is to pros the satperstructure of a

house tom being damaged by the hentims ahd twisting actions

associated With subsidence Process During theimplamentaticsnof this tytethod the house super structur is p
l ced on a

timedependent inclined plane so that the superrstritctture is free

of stress while the required amount of adjustimiu3 are Jpt

niinimired Tenrton coterie metes is used to strenjthen the

structu cs so that they can tolerate higher surface tension and

bending figure 4 shows a back house that were s it cessfallyt

protected usirtg a ctaarafseaaaticstt
trench and two tension cab€es

i3S•t ieF ita+7t7rfLt

stew •trea

Fig13 A a0herd to dsgn >
i

ppar ear a tor serface strustacro astai

beam r
2 10P€1 txaaxel an ha atnrsl xis n a tar tar of

Ioa eau suhsida<zaro ease Ttsc support area titsz a 3 casing his

r
s th t a
> uwally seeder than that estmg TkA a><thu>i

Table 2 Some l xamples of SaaencSsfcalty

Structures
teserilstirsas Mttigaticaa iit rare

sieas4sta 1 S srs 3 es Bartz ae sn t t sayzzz staze

etwet r t z nec vrtr t t fss wait E ttia is

•zss

E42 tfS3Rct Aboe

twxill txrsst

etxr hi E
ii f MRxzit 7XW it aeons t 2

fh

I

tv tcR attd rU it abcvo• muz3

wzt LLttz 3 v`•Cli T£ At

t
J O

t szrsc5a top etual 3nax avx n arni N strn iY•F tnz4er b

AML
hound subsidence process often has the poteatW

cause damages to buried pipelines rlsessments of subsidence

influences on various buried pipelines have indicated that the

strain transmitted from the surrounding soil to the pipeline

alp ay>s
the No 1 so rce of stress on the pipeline Luo et

19W The frsre tedu titan of the train transmission is the

most e tbctive method in the protection of buried pipelines

Uncovering pipeline only in the sections where the estimated

stress is highe than the permissible streess of the pipelinematerial
can gearl reduce the pipeline stress contributed by the

ground strain Such partial uncovering method has been sue

uesefully applied in the preset on of a 7lOOft lion of water

statszfy sipeli a undermined b four longwadl panels Tabie 23

sitl sstlratsasars frsr allrrtart

Ground subsidence is capable of causing seriousprobleiis
to railroads if proper cautions are not taken A partial

rotwed Structures

1 looltnring

3
`e tate44

s sra at tha

r3att•+

ixxtr>f<vtinuxt<
Tx34tr aeOtSt Yt1 ag 4

3

i

3nat r I and labor s
i

x

xit t suisttrR 13rs•igw tent nfiz zed rw stzbss a a

hom
a tc

Y rand vxx •txz ttt tz•zb ve<d he 3s z 2 is Jeer is aN ct tagtwf

krtatit

eES4i>s•P stftcu

ty t
u£ z st aiuz 3•Snn

a csnnsi t<2t•osaf

•
t

retort it•cz 3 fl ttz t >^3s <t s i E ist E cF aso <rsa3 s

a 3
s cao r ai t is Fitt tai

CtC2

maitYaSY
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j F 4 Thk• prick het was s
o r rI rt e€t c
i

by 2 aors3pevAbin

trench sharp two teitaim cabiex rile slat t taetats of the trench and

cables and the required ttetasiots in the ankles were Clete iained by

aat ssscle ee slsr• tat o sliftingmethod has been developed The original elevationprofileof the railroad the predicted final saxbsidertce
grxa>rila

and

the permissible railroad grade are considered in deteantining the

required a taxrtixtent is>r the Section of r tilroaad to be aftoted

MS anethod has beeoo applies to protect a section of raikoad

abotat l L660 ft ioag tindertxtai red by four lon wail panels Ta
be 2 The muimom suhsid nce at the site was alxiuAt 4 ft

djustnserat on the railro i was only r ontmended its some

sections much shorter than he total length of the railroad of

feeted b
y sttlsideatce with the maxitnum adjustment being

about IS f
t only As a result of implementing the partial lifting

teeth the subsided and adjusted raatroad Was kept smooth

for safe rail ad operation while the required adjtat tent was

kept tuna minimum

A CASE gTlD

1
1

is

sa< ti<aat a howt a ewe of the proettion of a rayilr<sa

over a longwall panel The longwall panel was 930 f
t wide

< erl>atralr°€a
mining a coal seam of about 65 f

t thick The

depth a
t

the site was about 650 ft The layout of tfte vailrt ad

o er the
IcrngsVa3ll paanel is shown in Fig 5 l`iar predicted natal

subsidence at the site is also pitted in this tgure with

rsmaxirnWat subd deuce being about 42 f
t which matched v

well with the measurements The elevation profile of Ns se

dory of railroad before subsidence is ultoma in Fig 6 Based on

the
pr it ted final subside= original e le aat ion and the prmssible

grade of 6a7 the final railroad protlie regoiria

wiimum an ount of vertical adjustment was deter mined he

it was under`atained In panel>aratl aaa a large Proportion or the

required amount of gravel to raise the railroad seas shippa i to

the site and Dread in he sections needing the most amount of

adjustment During the active subsidence period the railroad

was monitored and vertical adjustment was made accort duly

A temporary speed limit of 5 mph was ally posted a
s a prec

6n Figure 6 shows one set of recommended adjustmentdaringthe active subsidence period and the elevation profiles of

the railroad before and after the implementation of the recom

meanded adivatment By implementing the recommendedadjustrnentthe maximum railroad grade was reduced frtrm about

1Est to tea perraaissit> 0 1•1fl Fig 3 The railroad service

was taever interrupted during the entire subsidence process

Fiume It shows a fully loaded Coal train was passing the section

of subs ding and adjusted railroad

A• 5 t aeat at taae ratlraad wvrr 40 lswaga all vnn

se lneedsxted naafis surlaee a tria it auc saS tsar siteAEC19776
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t eeeottaa8aettctsialiltaa lxrz kles ert a rail d and ease at

a+er£irrsl adimtma£ usxn•° £b• ar•iwa cu itsf•tt sx3•tsu

Using trae pa tta tight mctnoai th mdgas
red

At1jm5dtiata
t

•wsa i le£ £m to>sttiraiaitx s hale the raatlrssad vwuvtabrsssdb

e tmm 0erezrv Pei
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Rracio of the adjustval satlvoad wss ep£ saa sia

the pertttisa
bite tdo of07

SUMMARY

Subsidence redictiusa irataerae assessrrttl€ rtaa satiaX

age cnxatrol have come a kng >av y ayeematic subsidence

research pro gam cotap€ed with isiteaxsive field ntn aita•rita and

eeierisivk` data co leotion duTin the past twenty years have

produced vast amount of q+nality data and knnwle•dge N tmer

tads ooaae a udics ha •e demonstrated that using these tcc ascia

results surface subsidence caused b
y Ed and high erctracti n

Mining mods and its effects can be predicted With rill

• a t t<

se 4 es hs stilt ctid desgnt•il and
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artinent o Natural Resources

Melanie
Mu€

43521 ilayhugh till Rd
Bealisville OH 4371

Dear Y=lrs Murra

January 10 06

1 our review of your

a Permit ARP 4251 j on Jana€ti

we can further consider your reques

ermitted inin€g andor reclamati

Y 10 2 is 0 in which

lol<Wn

Provide a bulleted summary of the mitigation steps that wU be carried out based

Dr Lu€os subsidence analysis of the water tox•rer electric towers and

communication owers Revise the response in the at piication to identify these

mitigation macaw

the pant layout on the Permit map to match the Panel layout

Dr Luc to fnmi zt ii x LfeiT impacts on the tower bw>es

The report states that a detailed survey of the anchorage of Vr c ffs

must be done to a secs the M<ubsidt nce end each of the 14 towers r us be

assesssed individually The bottom of page 14 of the report indicates that trio

has not been sufficient information provi ied to complete the evaluation Provide

informatio

4 An engineer must certify the final miti aeon Baia

Please submit the required revisions witl~ n thi€ty t30 days of this iel

in our re dew of your proporsal Should you require additional time p ea do not

to contact me Failure to

i8

3t Ie reqiired r lion in a

r
i e
l

y mariner may

ymir proposal being returned without further action

c Joe Noonan

John Puterbaugh

File

asel

11 Manager

Hydroogt f Bondinj Section

AEC 19782
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f Mineral Resources Management corriplet



thigh Hill Road Ntf Hwy 88 eallsvEilo OH

43716PHONE
t74i0 329152

FAX

May 920l

Treva Knasel

Division of Mines Reclamation

1855 Fountain Square Court

Building H3
Columbus Ohio 432244383

Dear Treva`

Enclosed is the response to the ARP revision letter dated January 10 2006 for R4517

1 In order

to prevent subsidence damage to the water tank AEC will place two steel tension

cables on the concrete base New 14inch cables will be used The cables will be placed

approximately 4 inches below the top surface of the concrete base and each cable will be

tensioned to approximately four tons The cables will be installed prior to the longwall being

200 feet from the tower and released after the longwall is further than 1000 feet from the

tower

AEC believes that AEC s rights supersede the rights of the telecommunication and power

transmission companies AEC will notify the telecommunication and power transmission

companies prior to mining under the towers AEC expects the communication and power

transmission companies to mitigate for and monitor their structures

2 The panel layout has been reviser and submitted through a separate ARP
3 As noted earlier AEC believes that AECs rights supersede the nghts of the power

transmission company and that it is the responsibility of tiie power transmission comparly to

mitigate and monitor their structures

4 Se the enclosed document This seal page is to be attached to the report written by Dr Yi

Luo

Sincerely

Melanie Murray

Civil and Environmental Engineer

AEC 19783



ARP REVIEW DUE DATE LETTER

Applicant AMERICAN ENERGY CORP

Summary

Revise Subsidence Control Plar

District CAMBRIDGE

Application Manger Treva Kna

Date Received by Application Manager 10272006

This yh

and attached to a

separate sheet

ecto

Id Team Leader

lronf entaI S ecali

Engineer Joe Noonan

Blasting Plan

Soil Scientist

A rc aeo

ARP Number R42517

completed by the Permitting Hydrology Bonding Section Application Manager

P documents that are being sent to technical and other staff or review A

t

tect for each reviewer
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State Board of Registration for

Pro scion Engineers and Surveyors

Application for Registration
a Professional Engineer or Professional Surveyor or for

certification as an Engineer Intern or Surveyor Intern

1 hereby apply for fegi5traficxri

in the State of Ohio and submit the lo>icwing eudence and

appiieatkr fee as required b ONO law

d personal irtft rmatior in lu£ding Photograph

k Required evidence of education s
i

t la li• 8n official

transcript of calieae rredits except for radbatir seniors

see note fdi en page 3
wfeC e r dence of experience ei calE for

adijat g seniors

l eferer ces ee note t

R b

ji
i anon fee to a £ iiE Epan sap pk atiri t Fees are not

3Fti£r3dable per Chi

ado

ohafged an a<idilonai Ytilt E t4i
3

fee per Chio AC41331
w <l the net f Y you ov3wt1 to be sctiedt ed for an Ohio

e> Efr w tit E

sistrft€riOn not file < duplicate application seeking the same

The Board Will keep ur application pe tanent€y on file

Tiis epplicatiori i for p o+fessional re sirat<<arl in th State oof Ohio Zy

Examination

$25 Olt applicat oonfee

Choose only One

Engitwering

i<

l rincll~ • and Practice PE

ur•e•r`3t3•

Fonda entels FS

Principles and I ractirk 5

Comity

Apotnation fees below

Chose only one

rofesssixral E in

$41 5 i ae€ licatic

r

1rfafesaiftal Surveyor

56ti 3 app licat mn C

yvair name as it is to appear officially on

Your email address is optional

£o3r oil fF 3 ••rati n cerbf ate

tihOt<ap

an eQamErmttl

S required
civle df

< r otocope mane E
t

Print

M11 am rm cU rub=l aEd will

delay y cu aicationi

clal security number

girth date

Home address oa

City

easiness address o r

fate <`r ZIP

Your tsctirt31>t• <

Home telephone

ONO count

siness telepi rm

State ZIP

Notice Statement Ohios State Board of egiatr ic

3
E f
i

information that is necessary to accomplish out statutory

Ohioeaten

JfE~`•a•iionai Engineers and w4ey+ors is requesting disdosure of

cf this information is required Failure to provide any required iE

f3i •f1 Eif MIRP V

psi as oLitlined under Ohio RC Chapter 4733 Disclfsri£

iEliation may result m tiara app iEt l Ji not • En p > 3 s ed

ikyjcof 4

Passpert of 723sn

we S£ililied a NQtce Of iE 3 7tion ryoou will be
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Engineering information

have you take t and passed the
State is ate taken enifcate number

FFundamentals of Engineering examinat•on

N Have YOU taker and sassed the
State G

> ate taken Ce fi ate number

y Principles and Practice of Engineering examinat on

Registration secured o written examination comity Dire Date granted Expiration date

Describe

urveyin information

Have you taken and passed the
State Date taken Certificate numb

i s Fundamentals of Surveying examination

3t Have you take and paned the
State Date taken Certificate number

Principles and Practice of Surveying examination
i

Are you now registered or have you ever been registered as a

Professional Engineer in Ohio or in another US state or

territory

you now registered or have you ever been registered as a
vV ere granted Certificate number

Professional Surveyor in Oho or

in

another € i S state or tern

tory°

Registration secured by written examination comity other

Des ibcr e

Disciplinary actions

Where granted Certificate number

Date granted

4v Have you been found guilty of any cnnne for which imprisonment was a possible sentence I
f yes attach exp a

s

g
r

i es nation on a plain 82 x It sheet of paper date and

Formal education beyond high school

`Credit claimed below must be supported b
y an official transcript from the i ast t•tio • An application filed w t oul atraitscriptcannot be approved until the transcript is received

Name of institution Fears attence is Graduation date Degree received

irw Have you ever had a disciplinary action against a professional or vocational license or registrrat on or nau an

application for same denied I
f yes attach expiaa abon on a plain 82 x I I sheet of paper date and sign

°

•lftis tt l p nenrMw

CNG 1611 f REfiv 005120041 gF
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References EQUREZ UNLESS APPLYWO FOR FUNDAMENTALS EXAMNT ION

List 5 persons at least 3 of whom are registered engineers or surveyors from whom the Board may request information a

regard to your character experience and processional ability Do not name your relatives or members of this Board

NameBusinessre€ationship to applicant

Address OccupatioiName
3

Business relationship to applicant

Address

lance

Address

Business relationship to applicant

Occupation

4 Name Business relationship to applicantAddress
Occupation

Business relationship to applicant

OccupatiJn

Additional information for applicants

I
t Is unlawful for a Professional Engineer or Professional Surveyor in Ohio to engage in or advertise for any work which

comes under the provisions o
f law governing the practice of Professional Engineers and Professional Surveyors unless

holding a certificate of registration and current renewal card issued by the Board Carefully read Ohio RC Sections 473111

and 473319 and determine your situation before making application Applicants must meet all education and experience

qualifications 90 days prior to an xaminatin date pursuant to Ohio AC 47339x01

Affidavit To BE oc EE1CRE A NOTARY PtUBUC OR OTHER OFFICIAL QUALIFIED BY iAV TO ADNIIM43STER OATHS

Mate of

f being duly sworn

or affirmed say that the statements made in this application are true to the best of my
knowledge and belief

Subscribed and sworn or affirmed to me

this day ofWtnessmy hand and seal hereon

NCrAiYY r Ki5uOe 44Tufi£

My cornrission expires

1CI1 Feu52004 Pnge 4 G

cupatfor

A
E

C
19789



State Board of Registration for

Pro `ession al Engineers a d Surveyors

Application for a Temporary Permit

Supplementary Application to practice Professional Engineering or

Professional Surveying in the State of Ohio

if the Temporary Permit herein applied for is granted I understand

it

will extend until the Baru has acted u or my
plication far registration as a professional engineer or

must accompany this temporary p rfnit request if the Bo

not meet the requirements c f Ohio Revised Code Cha

Comity Fees Engineer $41600

comity i understand that my comity applscation

es that my application for comity registration does

uporaary Perin t will be revoked

46600 There is nocoditional fee for a Temporary Permit

tide

Social

security number

asE ion

71 50 3f1cE1

q^tp w c3•2£s l t f lE D i sf

Registration
number

Date registered

Valid until

Grayate y
Written exam Number Fours

No
Yes Number of hours

Important Attach proof of your current regis=tration no more than

cannot be processed This application must accompany ENG 1011

ENG 1012 Rev 08J204

gree

State 2 State 3

Appllcatii

ev 0 2Q0

maker o rs

refit registration proof or le

Page 1 f 1
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y 31t
3 Hill Rt>a a Tvvp Hwy 8 a Sez•iisvflhs OH 43716

l r3td t O 9269162
FAX 40 92691 w 3

May r
9 20

Treva Knasei

DIviskn of Mines Reclamation

1855 Four to r
a Square Gould

Building H3
Coi mbus Ohio 432241 3

Dear Treva

Enolo•

is the r >s nse to the ARP revision •efter dated January 10 2 r 425i

1 In order to prewM subsidence damage to the water tank AEC

II
I

pilaoe two steel tension

cables on the ncra~te base New g i ch cht wi be € The i s will placed

ap xlP t 4 inches low the top surer of the
°

ncrete bay and each cable will

tensioned to a pro r to four tons The cabi will be installed prior to the Don wall being

200 feet from the tower and released alter the longwafi is further than 1000 feet fpm the

tower

AEC Nieves that AECs rights supersede the rights of t
t lelecommunication and power

trarsrnissicra crsrnts nia AEC will notify the t
i ommunicati sn and power transmission

c m nies prior to mining under the tower AEG expects the rnan atiaara and xpaNer

treats lesion mf r to mitigate fur a

r
• on for their truc ire

2 Tae panel layout has been revisal and submitted trough a separate ARP
3 As doted earlier AEG believes that A Gs tights supe eda the rights of power

bans€nission company and that it is the responsibility of the power transmission company to

mitigate and monitor t eirsin•res

4 S the enr s d document T ris seal page is to b attached to the r• written b
y Dr Yi

LMN

Melanie Murey
Civil and Environmental Engineet

AEC 19791



I attest that the methodology and findings presented in this report

an based upon the currently acce ted principles o ffirm

engineering Specifically the subsidence prediction and modchni

methods used its the report have been developed and calibrated

through years of research and applications on sirrular structures

Y uo Ph1 P

esea ch AssociateProtessor

i rtmefl ofMining Engineering
`

Engineering and Nfineral Resources

West Virginia University

Morgantown WV 26506

Date

AEC 19792



Phor z

Fa 41 Er

ToM z 1
F Mttm y

Fax

PhtnRo1 x`06

0 Urgent 0 For Review 0 M ease Comment 0 Please Reply 0 A Req esto

From va Kn w£

740 926919 Pages 7
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rase ` 4a>xr

AEC 19794



4COH
t
4 71

p152

Auust 22 20

TrvaKna <

t £ivisi € t € Rec rnati n

855 Fountain Square C_owt

wUn H
Cof l rboS Ohio 432241383

Dear rvva

Endosd is the response to ARP revision R426

Enc1

3
C d is a py ota Jett r from Bill Sipl1vy WncurfIg with Or trcs an vs

clA na Envimmental Engineer

ekanie Murray

AEC 19795



totec

ENT

ealisvHe OH 4671

431521 Ma

Mele ie H € rray Civil and Environmental Engineer

American Enemy Coro raion€

Re Report Assessment and Mitigation L f i x Influences on

Stru ture Affected by Lonaw ll Mining Operations
`

2

2005 by Yi Luo Ph D P E and Syd S Pen Ph D

Dear Melanie

t
t your request a e view was made of referenced report This report was

u mitted to the Ohio Department of Natural Rz sources Division of dines and

e larrotion by rneric an Energy Cor ration n support of ARP R42517

In 3<y ocinion the repo€t has been expertly prepared and is based upon currently

accepted engineering principles regarding min nut idence prediction and

modeling aralyses

Please feel to call if here are cetacr

Sincerely

William J

4

Fans ToYR net Cenrre S ate I

AEC 19796



521 Ma t

lyAmentan Ltleigys 70pow Own

Wsion of linera R°e`oii

2045 Morse RD Bldg 2

tl Maid

Coi1bus hi 432296693

3s•i iA•tlE

Re Information re iiisted by N`trJo Noonan

Ie Knasel

t
i on 3eq iss£+d by Ntr Joe Noonan L£31i 4 r iri iid7ti s

`

iS 1r tia s

v
l

tlrt1

Please filld attach al a copy of le niiinlsiik xaTior3 loop and pillar stability

4 urpuratlo i Also attached is 0 complete copy 0i

rtion of StIbsiden e infln less on t svial structures Joe had iskod me to send

Ls 1101 1 itioi4 you

tt +3i3 or necs addi0 ldl 33tnl rltion please t e1 free to con

your conveni nce

Yowl tiul

lrd M Bl 41i3ling

Environmental Eli Tileee r

AEC 19797
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American g Corporation

cnasel

it

of Iin3 r d R csou>t C

c 11D Bldg 1

Ohio 4 t ifi 3

Re 13l

£
t i<3iit £ S is It i i s 3
t 4otnan

Dear X43^ Mani

i ismiiiitat11
iT0rJ

for Air ericin

vi igatioii J Iles

his iifoiiO tion to

J Nt>oan

copy of 101

hits iiked wic to end

iq tpc4 has tz iuj idCIT i€ti f inf6nn iiion p e
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Stability Factors

+Stability factors SF are o t •€ed by d < dio the total loadbearing ccapacity oftthe

AMZ by the total lead applied to

it

The next critical step is

the € terpretation of the SF The ARMPS method has been

verified through back artalysi of pillar r covercase histories To date more than 250

case histories have been obtained from 10 state almost all from mine visit h y
cover an extensive range of geologic conditions rot rock cav billty characteristics

extractiorn Metho ls depths of cover and pillar geometries Ground Conditions

in

each

case history have been categorized as being either satisfactory or unsatisfactory

Pillar t
t

li it+ 5 responsible for unsatisfactory conditions inrcludeck

Pillar squeezes

Vela live pillar collapses usually accompanied by irbl sts andor

Coal pillar burns

Pillaarsqueezes account for approximately VVothird of the failures in the data base

There were 14 sudden collapses which in every case occurred when the MPS SE

was lass than 15 and where the pillar widthtoheight ratio was less than 30 All but

three of the 17 bumps occurred when the depth of cover exceeded 1250 f
t 400m

Most of the 5 failures caused by floor heave occurred when the ARMPS SF was

greater than l 5 Preventing these types of failures clearly requires evaluation of the

roof and floor strength in addition to the ARMPS P

S shows that when the depth of rvc r was loss than 650 ft 200m 88 of the

failures occurred when the APMPS SF was less than t

In contrast the ARMPS SF

greater than 15

in

of the successes

e et r_i` studied the r sc s i

•
t €ri where the depth of Cover exceeded 650

ft 200m They concluded that lower A MP SFs can be Successfully employed and

that stronger roof may also reduce the necessary ARMPSS SF Chase et al also found

that when the depth of cover exceeds 1000 f
t x300 rn the use of substantial barrier

pillars also increases the likelihood of success `heir findings are summarized in the

table below
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Other Factors Affecting Stability Factors

Coal strength An extensive database

o
f

laboratory tests of the strength ofcoal was

compiledd fjj•and r
t

` •t0 When compared with the ARv database no

correlation was found c ttkween coal strength and pillar strength€

Saari height A plot ofseam height against ARMPS SF shows no correlation PLC ire

Roof Geology A detailed study of pillar performance was conducted at a southern

West Virginia mining complex More than 50 case histories were collected Analysis

showed that satisfactory conditions were more likely to be encountered under shale

root than massive sandstone F i r 3
r

1 t and it r a 1 The implication is

that better

caving occurs with shale resulting in lower pillar loads

ARMPS appears to provide good first approximations of the pillar sizes required to

Pillar Ott •cIee•t

Ve a3d

> ntermedate

roof str4iqqh
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prevent pillar failure during retreat mining In an operating mine past experience can

be directly incorporated into ARMPS ARMPS stability factors can be backcalculated

for both successful and unsuccessful areas Once a minimum AMP SF has been

shown to provide adequate ground conditions that minimum should be maintained in

subsequent areas as changes occur in the depth of cover coal thickness or pillar

layout In this manner ARMPS can be calibrated using sitespecific experience

AEC 19809
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